Abstract: Economic resilience is a critical indicator of the sustainable development of an urban economy. This paper measures the urban economic resilience (UER) of 286 major cities in China from six indicators-economic growth, opening up, social development, environmental protection, natural conditions, and technological innovation-using a subjective and objective weighting method and the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) methods. Furthermore, kernel density estimation (KDE) was used to reveal the spatial and temporal trends in UER across cities, and a social opportunity function was applied to access the opportunity for economic resilience and the fairness of opportunities for economic resilience in 19 urban agglomerations in China. The results show that the UER was, in general, low across all cities but increased over time. Geographically, the UER disperses from the eastern coast to inland cities. Amongst urban agglomerations in China, the economic resilience opportunity index also varies spatially and increases over time. On the other hand, the opportunity fairness index of UER remained largely stable and substantial inequalities exist across all urban agglomerations, indicating the need for differentiated policy intervention to ensure equality and the sustainable development of the region. The methodology developed in this research can also be applied in other cities and regions to test its re-applicability and to understand the UER in different contexts.
Introduction
The term "resilience" originates from engineering physics. The ecologist Holling (1973) used this term to describe the ability of a system to maintain stability or return to an original state after suffering an external perturbation [1] . Economists have also used the concept of resilience to explain complex interactions in global markets, and used economic resilience to define the ability of an economy to respond to risks. Such resilience is the result of evolutionary interactions among the economy, the external environment, effective governance, and other determinants [2] .
Due to the accelerating process of economic globalization, world economies are increasingly interconnected and influenced by many external factors. The increasing awareness of such factors as environmental crises has strengthened people's understanding of economic vulnerability, thus stimulating new paths for urban development [3] . After perturbation by an external factor, some regions can quickly regain new stability and re-establish economic growth. Conversely, the economy can also respond sluggishly and be unable to recover in other areas [4] . In order to explore the driving factors behind the heterogeneous responses across regions, the concept of urban economic resilience (UER) was introduced [5] . This concept helps to explain the regional differences in resilience after economic shocks. Urban policy-makers have shown strong interest in applying UER to promote sustainable economic development, with resilience highlighted as critical to Britain's budget in 2014 [6] . Thus, urban economic resilience has become a research hotspot in urban economics, regional economics, development economics, economic geography, and other disciplines [7] .
Internationally, research on urban economic resilience can be divided into two stages [8] : Stage 1 (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , where studies on UER were based on the equilibrium theory, including two kinds of cognitive approaches: engineering resilience and ecological resilience; and Stage 2 (2010-present), where research is formulated based on evolutionary resilience. The equilibrium theory emphasizes the ability of a region to recover from an economic crisis. It suggests that urban economic resilience is drawn from the stability of a region's structure and organization when facing a crisis [9] . The engineering resilience approach emphasizes the stability of the urban economy, focusing on the resilience of the socio-economic system after the impact. In this model, a region only has one equilibrium state [10] . Conversely, the ecological resilience approach claims that each region is a complex organization with multiple equilibrium states rather than a single equilibrium state [11] . This approach focuses on long-term economic development after a perturbation [12] . However, both approaches are of limited use in measuring UER, as they only consider the unemployment rate and the degree of GDP change before and after an economic crisis [13] [14] [15] .
Recently, the approach to assess urban economic resilience has shifted from the equilibrium theory to the evolution theory [16] , although the implications of this theory are yet to be fully understood. With this theoretical shift, the research focus is changing from understanding a region's ability to resist external threats to a focus on adapting to the complex external environments where those threats exist [17] . Thus, in the field of evolutionary economic geography, UER is defined as a continuous and constantly changing process. It is an intrinsic property of the region and evolves dynamically in response to changes in the external environment. The region acquires new knowledge from the outside world and continuously evolves and adapts to changes. This adaptive system characterizes the nature of urban economic sustainable development [18, 19] . There are two main methods to evaluate UER under the evolution theory regime: the index system method [20] and the core variable method [21] , but both methods have certain limitations.
First, the formation of the causal relationship between urban economic resilience and the urban economic system is unclear. The index selection method may not be representative of all urban economies, limiting the external validity of the results. Similarly, the core variable method only adopts the core variables of GDP and unemployment rate, which may not fully reflect the complex interactions in UER. Further research is also required to explore both methods in order to assess the trends in UER observations before and after a perturbation. Regional economic resilience can enhance the key attributes of the economic system in a long-term and sustainable way [22] . Furthermore, understanding resilience would require a new way of thinking about sustainability. By definition, resilience depends on being able to adapt to unprecedented and unexpected changes [23] . After an economic perturbation or crisis, sustainable development and economic resilience can reduce social welfare losses and reduce the negative effects of economic stimulus policies. Together, these can help to enhance urban economic resilience, if carefully managed.
There is little research on the economic resilience of cities in China [8, 22] . China's economic growth is in the process of structural transformation. Factors such as labor supply, resource and environmental costs, advancements in technology, and external market demands are changing rapidly. Due in part to these changes, some industries are facing the challenge of exceeding their full capacity, which may impact on UER. In light of this, this paper aims at addressing three research questions: (1) How can we measure UER holistically in the context of Chinese cities? (2) Is the spatial distribution of UER heterogeneous or does it vary across all cities in China? (3) Does each city in an urban agglomeration have equal access to social opportunities? To address these questions, we first constructed a comprehensive evaluation framework based on evolutionary theory to measure urban economic resilience from six dimensions: economic development, opening up, environmental protection, social development, natural conditions, and technological innovation. We used a subjective and objective weighting method to weight each of these factors and applied this framework to evaluate the UER of 286 cities in China from 2004 to 2016. The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) was used to rank the UER across the 286 cities. The Kernel Density Estimation (KED) method was used to explain the evolution of economic resilience in the 286 cities from 2004 to 2016. Furthermore, the equality of opportunities for economic resilience in China's 19 agglomerations was assessed using the social opportunity and opportunity equality indexes to reveal the spatiotemporal variation in China's economic resilience across cities and urban agglomerations.
The rest of the paper is organized as follows. The next section introduces the materials and methods we use. Then, the third section presents results that illustrate the spatiotemporal evolution of the UER across 286 cities and 19 urban agglomerations, followed by discussion and conclusion in the last section.
Materials and Methods

Construction of the Indicator System
According to evolutionary economic geography, UER can be considered as an intrinsic feature of a region [22] . It is a historical path dependence that is continuously self-reinforcing due to urban historical heritage and external environmental influences [24] . This historical path depends on the industrial structure, the organization of production, social politics, the ecological culture, and the climate of innovation formed by long-term evolution [25] . From the evolutionary perspective, if a region can identify adaptive locks to its destructive changes, this region can enhance its adaptability and improve the region's economic resilience [26] . For example, Martin and Sunley (2007) [18] identified effectively several "unlocking" mechanisms that can improve urban resilience, including (1) innovations generated by the use of heterogeneous economic entities; (2) introduction and integration of external resources; (3) diversified industrial development; and (4) economic structural transformation and upgrading. The improvement of UER is a continuous process, in part through these mechanisms. Briguglio et al. (2006) quantified the economic resilience of 86 countries through a series of indicators, such as macroeconomic stability, micro-market efficiency, good economic governance, and social development [27] . On a different scale, Guillaumont (2009) constructed the national scale, spatial location, specialization, natural shock, and trade impact as indicators of the economic vulnerability of a region [28] . In general, the less economic vulnerability a region has, the stronger the region's economic resilience is.
We constructed an indicator system consisting of 25 indicators to assess UER across all China from 2004 to 2016, except for 12 prefecture-level cities. These indicators were selected according to three broad criteria--data availability, comparability with indicators drawn from the literature, and regional variation--to measure UER from six dimensions: economic growth, opening up, social development, environmental protection, natural conditions, and technological innovation. Data used to operationalize the indicator system were sourced from either the China Urban Statistical Yearbook (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) or the statistical yearbook for the province in which the city is located. The 12 cities excluded from this analysis include Sansha and Zhanzhou in Hainan Province; Bijie and Tongren in Guizhou Province; Rikeze, Changdu, Linzhi, Shannan, and Naqu in Tibet Autonomous Region; Haidong in Qinghai Province; and Hami and Tulufan in Xinjiang Uygur Autonomous Region, where no data is available for the duration of our study period.
(1) Economic growth is characterized by macroeconomic stability and micro-market efficiency [27] . Fiscal expenditures can reflect the government's policies on investment, construction, and development of urban infrastructure and welfare. Strong financial growth helps policy-makers to formulate flexible economic policies and more effectively resist the negative impact of a crisis or perturbation on the economy. The proportions of industry and the number of employees in tertiary industry can be used to estimate industrial diversification. A more diversified industrial structure can act as a "shock absorber" to eliminate the negative impact of economic shifts in the region. In turn, this can help to improve the overall adaptability of the urban economy [29] . Furthermore, urban land under construction can act as a proxy for the speed of urban construction and development; and indicators such as employment, per capita GDP, and fixed asset investment can be used to measure the stability of economic development in a region and, thus, UER.
(2) To measure the extent of opening up, we chose the number of foreign investment projects in the region [30] . The international economic crisis is one of the factors contributing to the economic recession of the city. The opening up of the larger economic market and the technical level of export goods and services can in part reflect the economic fragility within the international community and may limit external economic crises to the internal region.
(3) In terms of social development, the number of Internet-connected devices, such as mobile phones, can indicate the saturation of social development and the efficiency of social progress. Additionally, as society grows more socially advanced, the quality of education will also increase. Education expenditure and the number of colleges and universities can be used as indicators of the quality of education. In particular, highly skilled people trained with higher education can be transformed into valuable human resources and become an endogenous driving force of urban development.
(4) For environmental protection, green development is a pathway for economic growth and social development that focuses on efficiency and sustainability [30] . Green indicators are associated with sustainable economic development. To a certain extent, the green industry can promote the adjustment of economic structure, breaking through constraints, managing the risks brought about from the environment, and promoting the sustainable development of the economy.
(5) Indicators measuring natural conditions include both the population and the size of the administrative area, as they can measure the city's natural resistance and potentially reduce the vulnerability of a city's economy [28] . A flexible multi-skilled workforce can be used as a shock mitigation tool for the crisis. By transferring resources within a city, it is relatively easy to meet the shocks of negative external demand. Cities with larger administrative areas and larger populations have greater resistance to non-human crisis factors, such as natural disasters, thus reducing the interference of natural factors on urban economic development.
(6) For technological innovation, a measure of new technologies must be selected. However, the economic development in China has started to slow down. The rapid development of resource consumption is not sustainable due to this slowed development [31, 32] . To measure this, we selected the total number of academic publications, innovative talents, the number of patents, and technology funds to measure the overall strength of technological innovation in each region. Strong scientific and technological innovation can assist in reducing excessive dependence on material production for economic development. Continuous innovation can enhance value chains and products to improve quality and efficiency, thus improving the region's ability to cope with and adapt to risks and challenges. Table 1 lists all indicators and how they are operationalized using data from various sources. The weighting of each indicator was obtained by a subjective and objective comprehensive weighting method, which is introduced in the next section. 
Analytical Methods
We used the subjective and objective weighting method to assign weight to each of the indicators we constructed to assess UER. Other methods, including the TOPSIS model, Kernel Density Estimation, and Social Opportunity Function, were used to rank the 286 cities' UER and explore the spatiotemporal variation and inequality in China's economic resilience across cities and urban agglomerations.
Subjective and Objective Weighting Method
In order to create a representative index, the subjective weighting method and the objective weighting method were used to jointly determine the weight of the indicators that satisfy the subjective and objective conditions [33] .
The TOPSIS Model
We used TOPSIS as a multi-criteria decision analysis model to evaluate China's urban economic resilience using economic resilience indicators in 286 cities from 2004 to 2016. By measuring the closeness of the sample to be evaluated and an "optimal plan", the ranking of the evaluation samples is achieved [34] [35] [36] . A four-step approach was used to create the TOPSIS model.
Step 1: Construct a standardized matrix: X = {x ij } m×n , to standardize all indicators:
where x ij is the normalized value of the jth indicator of the ith city.
Step 2: Determine the "optimal plan" X + and "worst plan" X − :
where x i + is the optimal value of the indicator and x i − is the worst value of the indicator.
Step 3: Calculate the sum distance between the individual samples X + and X − :
where D i is the weight coefficient between the indicator data.
Step 4: Calculate the relative closeness of each sample to the "ideal" sample:
where, C i is the closeness of the ith sample and the "optimal plan"; 0 ≤ C i ≤ 1.
Kernel Density Estimation
We used kernel density estimation to reveal the spatial and temporal trends in UER across 286 cities in China from 2004 to 2016. Kernel density estimation is a density function used to estimate unknown values based on the probability theory using a nonparametric test method [37] [38] [39] [40] . This function was used in this study to produce a smooth surface of UER across the country based on values of the 286 cities. For a set of data x 1 , x 2 , . . . , x n , the kernel density estimate takes the form of:
where, h is the window width, and the kernel function k is a weighting function. There are many methods for estimating nuclear density, including Gaussian kernel, Epanechnikov kernel, triangular kernel, and quadratic kernel. The selection of the kernel size is based on the intensity of grouped data. This study uses a Gaussian kernel function:
Silverman (1986) noted in the case of large samples that different kernel functions do not strongly impact on the estimator, but the selection of window width h can bias the estimator. The choice of window width determines the accuracy of kernel density estimation and the smoothness of the kernel density map [41] . The window width in this research is set to h = 0.9SN −0.8 , according to Silverman (1986) , where N is the number of cities and S is the standard deviation of the values across all cities.
Social Opportunity Function
Drawing on the inclusive research of Ifzal Ali (2007) and Hyun Hwa Son (2010), we used the social opportunity function [42, 43] to address our third research question on whether cities in urban agglomeration have equal access to social opportunities to gain economic resilience. We used the economic resilience of 286 cities in China to measure the equality of opportunity for economic resilience across 19 urban agglomerations in China [44] .
The opportunity curve and the change in the opportunity distribution during the upward movement process are shown below (Figure 1 ) [45] . 
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Temporal Variations
The temporal change in UER across all 286 cities in China was measured from 2004 to 2016 using our comprehensive index system. The results were grouped into three categories based on their geographical regions-east, middle, and west-with the average UER in each region calculated and presented in Table 2 
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Spatiotemporal Evolution of UER across 286 Cities in China
Temporal Variations
The temporal change in UER across all 286 cities in China was measured from 2004 to 2016 using our comprehensive index system. The results were grouped into three categories based on their geographical regions-east, middle, and west-with the average UER in each region calculated and presented in Table 2 The UER in the eastern region is much higher than that in the central or the western regions. We can infer that the gap between the economic resilience of the central and western regions has widened over time. During the study period, the economic resilience of the eastern region increased by 0.0213, and the central and western regions increased by 0.0175 and 0.0144, respectively. The UER in the eastern region increased faster than in the central and western regions. Similarly, the average UER in the eastern region is higher than the average of all cities, while the average of UER in the central and western regions is lower than the nationwide average. The developed economic foundation, strong material conditions, high level of opening up, and a good environment for scientific and technological progress in the eastern region have contributed to further improvement of UER in that region, and sustainable economic development. On the other hand, regions in the central and western part of the country lack the capacity for their large state-owned enterprises to transform and open up to the new markets, and their economic resilience is poor and not conducive to sustainable economic development. Although programmes such as the 'development of the western region' and the 'rise of the central region' have been launched and have improved the economic resilience of the central and western regions, there is still a large gap between these and the eastern region. Figure 2 ). This figure illustrates a one-peak distribution of UER in Chinese cities over all three time points, indicating that the difference in economic resilience across cities is large, with no substantial changes over time, and the economic resilience in most cities has a UER value between 0 and 0.1. Only a small number of cities have an economic resilience above 0.1. In contrast, the peak value of the kernel density in 2004 reached over 30. The proportion of cities with low economic resilience is far greater than those with high economic resilience, resulting in low overall economic resilience of Chinese cities. This peak UER value decreased rapidly to less than 25 in 2010, and, by 2016, the peak value was further reduced but at a much slower pace, with the number of lower UER cities reduced as well, indicating that the UER in Chinese cities grew faster in the 2004-2010 period than in the 2010-2016 period. On the other hand, the peak points of the three kernel density curves moved gradually toward the right side of the x-axis, indicating an increasing tendency toward economic resilience in Chinese cities.
Furthermore, the near identical shape of the UER distributions in 2010 and 2016 and their deviation from the 2004 chart with a higher tail after the value 0.1 indicate that cities with low economic resilience were gaining resilience at a faster speed, slowly reducing the gap in cities with high and low economic resilience in recent years ( Figure 2 
Spatial Variations
According to the quartile measurement of economic resilience of 286 cities in China (Appendix A  Table A1 ), the spatial distribution map of China's UER in 2004 and 2016 is drawn (Figure 3 ). Figure 3 shows that the UER scores of the 286 cities are not evenly distributed, with cities in the top 25% of economic resilience located on the eastern and northern coast of China. In 2016, Beijing, Shanghai, and Shenzhen ranked in the top three with 0.76, 0.69, and 0.44, respectively. Next, Suzhou, Chongqing, Tianjin, Guangzhou, Chengdu, Hangzhou, and Nanjing ranked 4th to 10th. Compared with 2004, the first two rankings did not change. Shenzhen made the fastest progress, rising by three places, moving from the sixth to the third, and Hangzhou rose from tenth to ninth. The top 10 cities in China's urban economic resilience are located in eastern China, except Chengdu and Chongqing.
In 2016, the top 25% of cities in China's UER are generally municipalities or provincial capitals. Other cities are generally located in the eastern coastal areas of China. These mainly include the core cities of Beijing-Tianjin-Hebei, the Yangtze River Delta, the Pearl River Delta, Chengdu-Chongqing, Central Henan, and the middle reaches of the Yangtze River. Among these cities, their economic resilience is much higher than cities around them. Figure 3 shows that the UER scores of the 286 cities are not evenly distributed, with cities in the top 25% of economic resilience located on the eastern and northern coast of China. In 2016, Beijing, Shanghai, and Shenzhen ranked in the top three with 0.76, 0.69, and 0.44, respectively. Next, Suzhou, Chongqing, Tianjin, Guangzhou, Chengdu, Hangzhou, and Nanjing ranked 4th to 10th. Compared with 2004, the first two rankings did not change. Shenzhen made the fastest progress, rising by three places, moving from the sixth to the third, and Hangzhou rose from tenth to ninth. The top 10 cities in China's urban economic resilience are located in eastern China, except Chengdu and Chongqing.
In 2016, the top 25% of cities in China's UER are generally municipalities or provincial capitals. Other cities are generally located in the eastern coastal areas of China. These mainly include the core cities of Beijing-Tianjin-Hebei, the Yangtze River Delta, the Pearl River Delta, Chengdu-Chongqing, Central Henan, and the middle reaches of the Yangtze River. Among these cities, their economic resilience is much higher than cities around them. Compared with 2004, the top 25% of the economic resilience in 2016 is more spatially dispersed in eastern China. Looking to the central and western regions, the uneven distribution of economic resilience in various regions has improved to some extent from 2004 to 2016. In 2016, China's UER ranking included cities within the top 25-75% of selected cities, scattered throughout all provinces in China. Although compared with 2004 the scores have improved slightly, the pattern of the proportion of cities with lower UER scores has not changed. In 2016, compared with the 25% of cities in China's UER in 2004, these low-scoring cities were mainly located in western China. It shows that the western region's sustainable development capability is poor and its economic resilience is weak.
Economic Resilience and Opportunity Index across Urban Agglomerations
Spatial Distribution of Economic Resilience of Urban Agglomerations
The Chinese government has proposed that 19 urban agglomerations (Figure 4 ) will be built during the 13th Five-Year Plan period (2016-2020), namely: Beijing-Tianjin-Hebei, Central Shanxi, Hu-Bao-E-Yu, South Central Liaoning, Harbin-Changchun, Yangtze River Delta, West side of the Straits, Central Henan, Shandong Peninsula, Middle reaches of the Yangtze River, Pearl River Delta, Beibu Gulf, Chengdu-Chongqing, Central Guizhou, Central Yunnan, Guanzhong Plain, Lanzhou-Xining, Ningxia, and the North slope of Tianshan Mountain. Including the Beijing-Tianjin-Hebei, the Yangtze River Delta and the Pearl River Delta are together positioned as a world-class city group. The 19 urban agglomerations include almost all provincial capital cities in the provincial-level regions, forming a regional economic development pattern centered on provincial capitals, economically developed cities, and regional central cities.
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Opportunity Index and Opportunity Equity Index of China's Urban Agglomeration
Based on the previous calculations of the economic resilience of 286 cities in China from 2004 to 2016, the opportunity index was calculated (Table 3) . From the perspective of time, with the rapid economic development in 2004-2016, the economic resilience opportunity index of each urban agglomeration has been increasing. The economic resilience opportunity curve increases with time, as social opportunity expands, as illustrated in curve AB (Figure 1 ). It shows that the economic resilience opportunities of urban agglomerations are not fair during the study period, and cities with higher economic resilience within urban agglomerations are more likely to obtain development space than cities with lower economic resilience. Among them, the economic resilience index of the Yangtze River Delta and the Pearl River Delta urban agglomeration increased at the greatest rate, both 37.03%, followed by the Ningxia urban agglomeration and the Lanzhou-Xining urban agglomeration, which increased by 31 
Based on the previous calculations of the economic resilience of 286 cities in China from 2004 to 2016, the opportunity index was calculated (Table 3) . From the perspective of time, with the rapid economic development in 2004-2016, the economic resilience opportunity index of each urban agglomeration has been increasing. The economic resilience opportunity curve increases with time, as social opportunity expands, as illustrated in curve AB (Figure 1) . It shows that the economic resilience opportunities of urban agglomerations are not fair during the study period, and cities with higher economic resilience within urban agglomerations are more likely to obtain development space than cities with lower economic resilience. Among them, the economic resilience index of the Yangtze River Delta and the Pearl River Delta urban agglomeration increased at the greatest rate, both 37.03%, followed by the Ningxia urban agglomeration and the Lanzhou-Xining urban agglomeration, which increased by 31.62% and 31.57%, respectively. In 2004-2008, the economic resilience opportunity index of each urban agglomeration increased, and the UER opportunity index of most urban agglomerations increased significantly. Due to the impact of the economic crisis in the second half of 2008, the growth rate of the economic resilience index of most urban agglomerations slowed down markedly. The Beijing-Tianjin-Hebei, the central Shanxi, and the North slope of Tianshan Mountain urban agglomerations showed a small decline. In 2012-2016, the UER opportunity index stabilized, the Chengdu-Chongqing urban agglomeration's index increased by 0.0119, followed by the Yangtze River Delta urban agglomeration, which increased by 0.0094; the North slope of Tianshan Mountain urban agglomeration decreased by 0.0015, while the Lanzhou-Xining urban agglomeration declined at 0.0014, and the urban agglomeration in central and southern Liaoning fell by 0.0003. From the perspective of space, the UER opportunity index of various urban agglomerations in China shows spatial non-equilibrium. According to the average of the 2004-2016 UER opportunity index, the 19 urban agglomerations were divided into three categories using Jenks' natural breaks method. The first level is the Yangtze River Delta, Chengdu-Chongqing, Pearl River Delta, and Beijing-Tianjin-Hebei urban agglomeration. The economic resilience index of these four urban agglomerations (Yangtze River Delta, Chengdu-Chongqing, Pearl River Delta, Beijing-Tianjin-Hebei) is the highest. Except for the Chengdu-Chongqing urban agglomeration, the other three urban agglomerations are located on the eastern coast. The region is currently the largest urban agglomeration in China, with a total of 62 cities, and its average economic resilience index is above 0.1. These regions have developed economies, a relatively high degree of openness to the outside world, and close economic linkages between cities. These regions also have significant spillover effects, such as factor flows, technological innovation, and technology diffusion, which have led to a steady increase in the economic resilience of surrounding cities. The Chengdu-Chongqing urban agglomeration is positioned as the economic center of Southwest China, with Chongqing and Chengdu as the central cores, with a total of 17 cities. It is an urban agglomeration with a large regional role: it actively undertakes industrial transfer, and fosters and expands industrial clusters. In addition, the agglomeration has rapid economic development, strong urban service functions, and a wide hinterland. It has clear effects on the radiation belts in China's inland areas, a high economic resilience index, and a strong sustainable development capability. The second level is the Hu-Bao-E-Yu, Harbin-Changchun, South Central Liaoning, West side of the Straits, Central Henan, Middle Reaches of Yangtze River, Guanzhong Plain, Shandong Peninsula, and Beibu Gulf urban agglomeration. The average economic resilience index of urban agglomerations at this level is 0.03-0.1, including 124 cities, accounting for 59.6% of the 19 urban agglomerations. In addition, improving the economic resilience of second-tier urban agglomerations is key to improving China's overall economic resilience. Although the UER opportunity index of this type of urban agglomeration is at an intermediate level, it is different from the first-level area of the UER opportunity index. This second-tier UER still has great room for improvement, so the city's sustainable development capacity needs to be promoted. The third level is the Central Shanxi, Central Guizhou, Central Guizhou, Lanzhou-Xining, Ningxia, and North Slope of the Tianshan Mountain urban agglomeration. The average economic resilience opportunity index of this group is relatively lower, all below 0.03, a total of 22 cities. Except for the urban agglomerations in Central Shanxi, others are mainly located in western China. The industrial structure of these cities is relatively simple, it is easy to be locked in by the city, and the ability for scientific and technological innovation and transfer is poor. Therefore, the city's economic resilience is poor, and its ability to sustain economic development needs to be improved.
During the study period (2004-2016), the opportunity fairness index of economic resilience in different urban agglomerations varied greatly. Nonetheless, the nationwide average opportunity fairness index did not change greatly, from an average of 0.93 in 2004 to 0.92 in 2016, and the overall performance was unfair. At the end of the study, the economic resilience opportunity fairness index of the five urban agglomerations in the South-Central Liaoning, the Yangtze River Delta, the West side of the Straits, the Chengdu-Chongqing, and the North Slopes of the Tianshan Mountain was greater than 1. This indicated that the economic resilience of these urban agglomerations is small, and each city is in the development of urban agglomerations. A fairer opportunity is observed, and, thus, the overall opportunity for the economic resilience of these urban agglomerations is fair.
In particular, the economic resilience of the Yangtze River Delta urban agglomeration moved from non-fairness to fairness during the research period. The Yangtze River Delta urban agglomeration with Shanghai as the core is the most developed urban agglomeration in China, and is internationally recognized as such. In urban agglomerations, the internal UER is balanced, and each city can obtain relatively equal development opportunities. The economic resilience of the Beijing-Tianjin-Hebei and the Pearl River Delta urban agglomerations, which are the three major urban agglomerations in China, have not been fair during the research period. Although the opportunity index is high, it is not conducive to the sustainable economic development of urban agglomerations. Whether it is from the echelon structure of economic development or the economic relationship with the central city, the Yangtze River Delta urban agglomeration is superior to the Beijing-Tianjin-Hebei and the Pearl River Delta urban agglomeration, so it also has a more balanced economic resilience.
In addition, the economic resilience of the 12 urban agglomerations in Central Shanxi, Hu-Bao-E-Y, Harbin-Changchun, Shandong Peninsula, Central Henan, Middle Reaches of Yangtze River, Beibu Gulf, Central Guizhou, Central Yunnan, Guanzhong Plain, Lanzhou-Xining, and Ningxia is not fair. The opportunity fairness index of economic resilience needs to be improved in these areas. The economic resilience of most urban agglomerations in the country is variable across geographic areas, with higher values within the eastern coast. If this is not addressed, it will seriously restrict the improvement of the sustainable development ability of these urban agglomerations.
Discussion and Conclusions
Based on the evolutionary theory of UER, this paper considers that UER is a complex system composed of multiple dimensions, including urban economic growth, opening up, social development, environmental protection, natural conditions, and technological innovation. Our results show that cities in China have been developing to withstand external environmental impacts through its dynamic evolution process, thereby achieving sustainable development of the urban economy. Some key findings are presented and discussed below. First, our results show a single peak distribution of the UER in Chinese cities from 2004 to 2016, with a low UER in a large number of cities and an overall low value in all cities. This single-peak pattern remains unchanged from 2004 to 2016, with a small variation in the peak value and a reduced difference between the peak and low values in later years. This result indicates clear spatial heterogeneity and non-equilibrium in economic resilience across cities in China. The spatial variation of the UER shows that the top 25% of cities with comprehensive economic resilience are located in the eastern coastal areas and the northern coastal areas of China, while the bottom 25% of the cities are mostly located in western China. China's UER remains at a low level for much of the study period, which is not conducive to the high-quality growth and sustainable development of its economy. Therefore, in the future, it is necessary to implement a regionally coordinated development strategy and give full flexibility to utilize the comparative advantages of each city. It is anticipated that this will promote the development of each city towards the direction of high-quality and sustainable development.
Second, the economic resilience opportunity index of the 19 urban agglomerations increased over time, and the economic resilience opportunity curve largely follows that AB curve as illustrated in Sun (2018) (Figure 1 ). Cities with higher economic resilience within an urban agglomeration are more likely to obtain development space than those with lower economic resilience. In China, large spatial variation exists in the economic resilience opportunity index in cities across various urban agglomerations. The four urban agglomerations in China-the Yangtze River Delta, Chengdu-Chongqing region, the Pearl River Delta, and the Beijing-Tianjin-Hebei region-have the highest economic resilience opportunity index, followed by the nine urban agglomerations of Hu-Bao-E-Yu, Harbin-Changchun, South Central Liaoning, West side of the Straits, Central Henan, Middle Reaches of Yangtze River, Guanzhong Plain, Shandong Peninsula, and Beibu Gulf as the second-tier regions, in terms of their level of economic resilience. Six other urban agglomerations, including Central Shanxi, Central Guizhou, Central Guizhou, Lanzhou-Xining, Ningxia, and North of the Tianshan Mountain region, are ranked at the third-tier with lower economic resilience. In order to reduce the differences across the different tiers of cities and improve the overall economic resilience of Chinese cities, it is critical to optimize and further develop the urban agglomerations in the eastern region. Government policies should consider measures to (1) maintain a trend toward sustainable development in the eastern urban agglomerations, (2) foster and expand the urban agglomerations in the central and western regions, (3) break the regional blockade to support regional development and improve overall economic resilience.
Third, the economic resilience opportunity index of each urban agglomeration varied significantly over time (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . However, the average opportunity fairness index amongst all urban agglomerations decreased marginally from 0.93 in 2004 to 0.92 in 2016. There is substantial inequality amongst cities in almost all urban agglomerations. A marginal difference in economic resilience exists in some urban agglomerations, such as the South-Central Liaoning, Yangtze River Delta, the West side of Straits, Chengdu-Chongqing, and North of the Tianshan Mountain region; these regions show greater e quity in the equality of economic development opportunities across different cities within the urban agglomeration. On the other hand, substantial inequalities exist in other urban agglomerations, such as the two major ones in China: Beijing-Tianjin-Hebei and the Pearl River Delta urban agglomerations. Compared with the other major urban agglomeration-the Yangtze River Delta urban agglomeration-the opportunities for economic development of small cities within those two major urban agglomerations are less favorable, and it is not as easy to gain development space as it is for other larger cities in these urban agglomerations.
Accordingly, there are opportunities in China to build world-class urban agglomerations in the Beijing-Tianjin-Hebei region and the Pearl River Delta. This will continuously improve the competition of those urban agglomerations. We suggest that future policy in China should not only foster a new competitive advantage for existing cities and urban agglomerations, to improve the system and policy environment and reduce administrative intervention, but also to create greater equality across cities within the urban agglomerations. A friendly environment is better to enhance the ability of the economy to withstand risks and sustainable development. We should establish and improve the coordination mechanism for the development of urban agglomerations, and promote the coordinated division of industry, the division of labor, infrastructure, ecological protection, and environmental governance across cities, to achieve efficient and integrated development of urban agglomerations.
The study contributes to advancing the concept, assessment, and methodology of UER and how this can be applied to assess the spatial and temporal variation of Chinese cities and urban agglomerations. The methodology developed in this research can also be applied in other cities and regions to test its re-applicability and to understand the UER in different contexts. Further research would be required to explore and understand the formation mechanism of UER and potentially provide an early warning mechanism of economic shock in Chinese cities. This will be the main direction for future expansion of this research. 
